State of the art
Food composition, food niches of herbivorous ungulate game and their overlapping were studied by HOMOLKA (1991, 1993, 1996) , HOMOLKA and HEROLDOVÁ (1992) . The annual average amount of woody biomass in the food of roe deer, red deer and mouflon amounts to 74%, 39% and 28%, respectively. Other important food components are dicotyledonous herbs and grasses.
Diversity and quality of food resources are influenced by management methods, age and species composition of forest stands, altitude, year season and bedrock (KATRENIAK 1992) . HOFMANN (1989) specified three basic feed types of European ruminant ungulate animals on the basis of their digestive tract anatomy and physiology as follows: browsers (Foliavora), intermediate feeders (Herbivora) and grazers (Gramnivora). The roe deer as a typical example of browsers takes in food which is easy to digest and rich in nutrients; it goes out for grazing 11 to 12 times in the course of 24 hours. The low amount of microorganisms in its reticulum prevents roe deer to properly utilize plants rich in fibre, and this is why the species does not strip but rather takes in food richer in energy such as fruits, buds, leaves, flowers, annual shoots. Its energy consumption is relatively high and a daily consumption of dry matter per 1 kg live weight amounts to an annual average of about 60 g (LOCHMAN et al. 1964) . The mouflon (grazer) has a capacity of digesting food rich in fibre. The process of digestion and periods of chewing are longer. In the course of 24 hours there are only 6 grazing periods at maximum in this species. The place between these two extremes is taken by so called intermediate feeders such as red deer which can accommodate to various kinds of forage quality and is capable of consuming both readily digestible and hard-to-digest feed residues. The red deer needs from 5 to 7 feeding periods in the course of 24 hours and its daily consumption of dry matter per 1 kg live weight amounts to an annual average of about 34 g (LOCHMAN et al. 1964) .
MATERIAL AND METHODS
The hunting ground Hády is situated in the southern part of Křtiny Training Forest Enterprise of Masaryk Forest, mainly in southern aspect locations with annual temperature and precipitation means of 8°C and up to 500 mm, respectively. The geological structure of the territory is formed of Brno igneous rocks consisting of deep magnetites, granodiorites to granites, cataclastic coarse-grain biotitic granodiorites. Other constituents are various limestones, conglomerates and quartzites of the Moravian Karst. The wide range of soil types reflects the diversity of geological bedrock, geomorphological division and zonality of forest vegetation. The hunting ground is situated at altitudes ranging from 220-464 m above sea level. The vegetation period (+5°C) is 270 days and the growing season lasts 227 days. Hydrological conditions in the hunting ground are stabilized, game has access to running water.
Total area of the studied hunting ground is 897 ha (99.1% forest, 0.2% arable land, 0.06% pastures, 0.64% other areas). The hunting ground is situated mainly in forest vegetation zone 2 (67.1%), FVZ 3 (26.7%), FVZ 1 (4.1%) and FVZ 4 (2.1%).
The area and percentages of forest type groups are presented in Table 1 with the forest type groups being arranged in a descending order by the carrying capacity of edaphic categories (potential carrying capacity). As for the forest tree species composition, the broadleaves account for the highest proportion -62.0% (beech 7.0%, oak 39.5%, hornbeam 1.6%, linden 2.0%, other broadleaved species 1.9%). The proportion of conifers is 38.0% (Norway spruce 14.3%, pine 14.3%, European larch 6.8%, fir 1.8%, Douglas fir 0.8%). Commercial forest forms are represented only by the high forest.
A comparison of the forest stand area with the normal forest area according to age class distribution shows more extensive areas occurring in age classes 1 and 2. On the other hand, the areas of age classes 4 through to 9 are markedly smaller. Age classes 10 through to 15 are represented by a larger proportionate area than that of the normal forest. Age classes 1 and 2 are dominated by conifers, broadleaves dominate from age class 11 (see Table 2 ).
The above forest vegetation zones and forest types have been taken over from the Regional Forest Development Plan for the Drahanská vrchovina Upland.
The above data on tree species distribution and forest form are based on the current Forest Management Plan in force for the Forest Management Unit of Křtiny TFE in the period 2003-2012.
Game stock
Based on the game census, the spring roe deer stock in the hunting ground Hády is estimated to be 60 heads. The stock of hare is at minimum in this hunting ground and the game has not been shot here for several years. The wild boar that lives here from autumn to spring does not cause any damage and its stock is not standardized in the hunting ground. The wildlife is considerably affected by commercial and recreational activities in the forest.
Based on Decree 491/2002, the standardized game stock is set by the decision of the department of environment, municipality of Šlapanice up to 85 heads of roe deer and 151 heads of hare. Minimum roe deer and hare stocks are 22 and 44 heads, respectively. A total number of ungulate game units in the hunting ground is 21.25 heads.
The calculation of ungulate game units according to the carrying capacity of edaphic categories (potential carrying capacity) was made in the framework of a game management survey at the Brno Branch of Forest Management Institute in Brandýs nad Labem. Results of the calculation are identical with the game stock stipulated by the above-mentioned Decree 491/2002 (see Table 3 ).
Assessment of utilizable biomass
Based on the typological division, representative sample plots (1 × 1 m) were chosen (291 in forest stands, 35 on shoulders of paved forest roads, 57 on other areas) in the vegetation period to monitor the current mean production (g/m 2 ) of biomass utilizable by game.
The number of sample plots was selected proportionally to the size of assessed homogeneous plots in grassy, herbaceous or woody undergrowth with at least two plots chosen for each stand.
Biomass was cut right above the ground, weighed in the field and sorted out to grass and woody (leaves and stems separately) components. Age class  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  Σ   Conifers  58  46  30  6  4  14  12  13  19  57  26  12  14  10  5  1  4  331   Broadleaves  29  34  36  15  9  17  20  16  15  45  80  59  78  57  24  1  1  536   Total  87  80  66  21  13  31  32  29  34 102 106 71  92  67  29  2  5  867   Normal forest  area  71  71  71  71  71  71  70  70  70  63  50  38  31  23  15  8  3  867   Table 3 The sampling was made along with the recording of total coverage areas of woody species and nonwoody undergrowth and with the determination of individual represented species.
We calculated the total production of biomass utilizable by game on the respective sample plots with subsequent summarization for the entire area under study.
Assessment of mean quantitative and qualitative food requirements
Average daily food amounts for the respective game species were derived from publications of the following authors: BUBENÍK (1954 BUBENÍK ( , 1984 , HERZIG et al. (1960) , ŠIKULA and ZUBRICKÝ (1964) , ROZMARA (1981) . The data were used to calculate the values of total food consumption for the wildlife species studied.
Data used for the calculation of the net energy of mean food consumption by wildlife occurring in the hunting ground were those taken over from the catalogue of feeds issued by Research Institute of Animal Nutrition in Pohořelice (VÚVZ 1995) .
Control data were obtained from the laboratory analyses of aggregative samples collected in the Hády hunting ground and processed at VFU Brno and Mikrop Čebín. Daily food consumption means were converted to net digestible energy in MJ.
The calculation of energy requirements based on the metabolic size of roe deer and hare game was used to assess food sufficiency with respect to quality according to CAZV methodology published in 1994.
RESULTS

Production of biomass utilizable by game
A total of 291 samples for the quantitative and qualitative assessment of biomass available to game was collected in forest stands of a total area of 883.6 hectares.
The summarized production of grass and herbaceous biomass amounted to 180,740 kg with average production being 20 g/m 2 . Woody biomass (leaves, buds and shoots) was produced at an amount of 307,243 kg (average 34.5 g/m 2 ).
Thirty-five samples used for the quantitative and qualitative assessment of biomass were collected on shoulders of paved forest roads. Total length of paved forest roads in the area under study is 16.8 km (18.9 m/ha of forest area). Total area of road shoulders and ditches suitable for the production of grass and herbaceous biomass was 33,600 m². Total production of grass and herbaceous biomass in this area was 5,024 kg (average 150 g/m 2 ). A total of 57 samples used for the qualitative and quantitative biomass assessment was collected on plots with rides, access strips to power lines, unpaved roads, roadside landings and in a seed orchard. Total area of these plots was 13,4 hectares; total production of grass and herbaceous biomass amounted to 20,189 kg (average 150 g/m 2 ). Total number of samples collected in the Hády hunting ground to assess the production of biomass utilizable by game was 383. The grass and herbaceous component of the biomass included 72 plant species.
Average production of grass and herbaceous biomass (20 g/m 2 ) in forest stands managed under a large-scale shelterwood system was found to be very low due to shade. Average production of grasses and herbs on other areas (rides, access strips to power lines, etc.) and road shoulders was also found to be very low (150 g/m 2 ) as compared with the production of an average meadow (2,850 g/m 2 ). This biomass is however a primary source of food supply to roe deer that looks for food in a selective manner (browser feeding type -Foliavora), and it is also the relatively high grass and herb species diversity (72 plant species) that suits the food requirements of roe deer game very well.
On the other hand, the production of woody biomass (leaves, buds, shoots) is very high in the largescale shelterwood system. Representative sample plots of 1 m² in the tree undergrowth were found to contain from 27 to 38 individuals (270,000-380,000 pcs/ha) of advance regeneration at heights ranging from 10-70 cm. Nutrient rich sites were found to contain even more than 100 pcs/m 2 . The abundant understorey of deciduous tree species in regenerated stands is only negligibly affected by roe deer.
Total production of biomass utilizable by game in the hunting ground Hády is presented in Table 4 . 
Food consumption by individual game species
The assessment of average daily food consumption by individual game species was based on works published by BUBENÍK (1954 BUBENÍK ( , 1984 , HERZIG et al. (1960) , ŠIKULA and ZUBRICKÝ (1964) and ROZ-MARA (1981) . For calculation purposes the average daily food requirement of roe deer was established at 3.5 kg of grass and herbaceous biomass and 1.0 kg of woody biomass. The average daily food requirement of hare was established at 1.5 (0.2) kg.
Quantitative requirements for game food were as follows:
Primary grass and herbaceous forage for roe deer in the growing season:
3.5 kg/day × 200 days = 700 kg × recommended game stock of 85 heads = 59,500 kg.
Primary grass and herbaceous forage for hare in the growing season:
1.5 kg/day × 200 days = 300 kg × recommended game stock of 151 heads = 45,300 kg.
Total consumption 104,800 kg.
Available grasses and herbs 205,953 kg (100%).
Total consumption 104,800 kg (-50.9%).
Surplus of grass and herbaceous forage 101,153 kg (49.1%).
Primary woody biomass forage (buds, leaves, shoots) for roe deer in the growing season:
1.00 kg/day × 200 days = 200 kg × recommended game stock of 85 heads = 17,000 kg.
Primary woody biomass forage (buds, leaves, shoots) for hare in the growing season: 0.20 kg/day × 200 days = 40 kg × recommended game stock of 151 heads = 6,040 kg.
Total consumption 23,040 kg. Available woody biomass 307,243 kg (100%). Total consumption 23,040 kg (-7.5%).
Surplus of woody biomass forage 284,203 kg (92.5%).
Although the mean production of non-woody biomass per 1 m 2 is relatively low in the undergrowth, the summarized production represents a volume that is a double of the food supply to the recommended game stock in the area under study. Food supply represented by woody biomass occurring in the undergrowth is utilized only at 7.5%.
Utilizable energy in biomass
The calculation was made using the average values of utilizable energy established by the laboratory measurement of biomass samples and complemented by data from literature. The average values were 0.60 MJ (net energy) for forest herbs and grasses and 0.75 MJ (net energy) for buds, leaves and shoots at the time of vegetation.
Utilizable energy contained in the daily grass and herbaceous biomass quantitative requirement of roe deer was 3.50 kg × 0.60 = 2.10 MJ.
Utilizable energy contained in the daily grass and herbaceous quantitative requirement of hare was 1.50 kg × 0.60 = 0.90 MJ.
Primary grass and herbaceous forage for the studied roe deer population in the growing season:
3.5 kg/day × 200 days = 700 kg × 0.60 MJ = 420 MJ × recommended game stock of 85 heads = 35,700 MJ.
Primary grass and herbaceous forage for the studied hare population in the growing season:
1.5 kg/day × 200 days = 300 kg × 0.60 MJ =180 MJ × recommended game stock of 151 heads = 27,180 MJ.
Total energy from grass and herbaceous forage for game 62,880 MJ.
Available grasses and herbs 205,953 kg × 0.60 MJ = 123,572 MJ (100%).
Total consumption 62,880 MJ (-50.9%).
Surplus of grass and herbaceous forage = 60,692 MJ (49.1%).
Utilizable energy contained in the daily quantitative requirement of food from woody biomass for roe deer was 1.0 kg × 0.75 = 0.75 MJ.
Utilizable energy contained in the daily quantitative requirement of food from woody biomass for hare was 0.20 kg × 0.75 = 0.15 MJ. 
Energy requirements of the game
Sufficiency of energy content in roe deer forage was assessed by the calculation of energy requirements in ruminants based on the specification of metabolic body size according to CAZV methodology published in 1994. Total energy requirements of hare at normal physical activity = 2.83 × 0.371 MJ = 1.05 MJ/day.
The calculations show that the energy requirements of roe deer and hare in the hunting ground are fully met by the daily quantitative consumption of herbaceous, grass and woody biomass.
DISCUSSION
Game stock -research results corroborate the applicability of standardized game stock calculation methodology both according to Decree 491/2002 and according to the methodology of Forest Management Institute based on the potential carrying capacity of the hunting ground and its edaphic categories. According to the methodologies, the food supply produced in conditions of the large-scale shelterwood system covers food requirements of the above specified game stock with no detriment to forest management.
Food supply quality -utilizable energy (MJ) found by the laboratory measurement of mixed biomass samples produced in the area under study corresponds by order with data for the respective plant species in the catalogue of feeds issued by VÚVZ Pohořelice (1995) and with data presented by BUBENÍK (1954 BUBENÍK ( , 1984 .
Energy requirements of the game -according to the CAZV methodology (CAZV 1994), the energy requirement per metabolic body size unit amounts to 0.269 MJ, which corresponds to a daily requirement of 2.05 MJ. According to BUBENÍK (1984) , the energy requirement of roe deer per metabolic body size unit amounts in summer to 130 kcal (0.544 MJ), which corresponds to a daily requirement of 4.15 MJ. The weighted mean of energy amount contained in food supply and detected by the assessment of collected biomass samples amounted to 0.633 MJ/kg, which corresponds to a daily energy consumption of 2.85 MJ at an intake of 4.5 kg food. No further food sources occur in the area under study, and the volume of food intake (4.5 kg) corresponds to the upper limit of food intake capacity in roe deer. The established daily energy requirement is approximately in the middle of values presented in the above-mentioned literature references. The detected values are considered applicable since energy requirements are ruled by many factors such as pregnancy, lactation, mewing or period of growth.
CONCLUSION
The results of quantitative and qualitative research into food supply to game indicated that the production of biomass utilizable by game in the area under study was sufficient. No reasons are therefore seen for a failure to fulfil the standardized roe deer stock defined on the basis of Decree 491/2002 and further corroborated by the calculation of game units according to the potential carrying capacity based on edaphic categories. The studied area shows a pronounced surplus of both grass and herbaceous (49.0%), and woody (92.5%) biomass utilizable by game. The minimum impact of wildlife on woody species vegetation due to the overproduction of biomass utilizable by the game is further corroborated by the fact that no damage caused by game occurred in the area under study in the last five years. Although the woody biomass supply in the form of buds and shoots is excessive thanks to the large-scale shelterwood system, with respect to the low energy value of this kind of forage it is recommended that the roe deer game will also be given species-specific feeds from September to the end of November, which will facilitate the development of sufficient fat reserves needed for the winter time of starvation.
It is particularly important to ensure as much winter rest as possible in order to reduce to minimum the game energy expenditure due to forced movement. High attendance of the hunting ground is a significant factor of disturbance adversely affecting the energy balance of the game. 
